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Abstract
Aluminum has been recycled since the days it was first commercially produced 
and today almost one-third of the global aluminum consumption worldwide is 
contributed by recycled aluminum. 
The aluminum soda / beverage can is by far the most recycled consumer beverage 
package globally by units, pounds and percentage recycled. It amounts to more 
than twice the recycling rate and recycled content percentages for beverage 
packages of other materials. 
The research project seeks to investigate and study on the process of collection to 
packaging of Lian Gim Aluminum & Supply Pte Ltd with an aim to improve the 
whole process in terms of cost, quality and safety at the end of the project.
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CHAPTER 1
INTRODUCTION
1.1 Project Overview
Aluminum compounds form 8 per cent of the earth’s crust and are present in most 
rocks, vegetations and animals. The aluminum is indeed the third most common 
crustal element and most common crustal metal on earth. 
Pure aluminum is a very reactive element and is never found as the free metal in 
nature. It is very lightweight and soft. It has to be combined with small quantities of 
other materials like iron, silicon, zinc, copper, magnesium, tin, titanium, lithium for 
example to produce array of alloys of different properties for different purposes.  
Aluminum is considered to be a young and modern metal. It has only been produced 
on industrial scale in 1886 through electrolysis. Aluminum ore, most commonly 
bauxite, is plentiful and occurs mainly in Tropical and sub-Tropical areas like Africa, 
West Indies, South America and Australia. Since aluminum was first commercially 
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produced, the unique combination of properties has enabled designers and 
manufacturers to develop products to enhance our quality of life. 
It had stated in the International Aluminum Institute Report for Aluminum 
Sustainability that by the end of the twentieth century, the annual production of 
aluminum had reached more than 32 million tonnes annually, comprising 24 million 
tones primary aluminum and 8 million from recycled aluminum. Almost 100% of all 
the production scrap and over 60 per cent of all old scrap is recycled annually. This 
makes aluminum the second most used metal in the world.  
From the above information, it is known that aluminum is a sustainable material as 
seen in the current primary aluminum production level in the world, known bauxite 
reserves will still last for hundreds of years. It is known that more than 55 per cent of 
the world’s primary aluminum production uses renewable hydroelectric power. Since 
aluminum products can be recycled, there is an increase use of recycled aluminum to 
save both energy and mineral sources for primary aluminum production. 
(Source: The Aluminum Industry’s Sustainable Development Report)
Figure 1.1 Aluminum’s Major Applications
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Aluminum makes a key contribution to fuel-efficient engines in transportations. It 
facilitates the construction of corrosion-resistance and low maintenance buildings. 
Aluminum is also extensively used in packaging for protection, storage and 
preparation of food and beverages. Aluminum can be rolled into ultra-thin foils 
which are light, strong and have a unique barrier and insulation qualities to preserve 
food and beverages against ultra-violet light, odour and bacteria.  Aluminum 
packages are secured, tamper-proof, hygienic, easy to open and recyclable.
Almost every aluminum product that is produced commercially can be recycled after 
its end of life, without losing its metal properties or quality. As there is an increased 
used in recycled aluminum in many different kinds of application, the aluminum 
metal is also known as the “green” metal.
The focus of this project is mainly on the recycling of aluminum beverage cans. The 
reason of the focus is due to the fact that aluminum beverage cans are by far the most 
recycled consumer beverage packages globally, by units, pounds and percentage 
recycled. It amounts to more than twice the recycling rate and recycled content 
percentages for beverage packages of other materials.
The Aluminum Association, Can Manufacturers Institute (CMI), and Institute of 
Scrap Recycling Industries (ISRI) released statistics on May 20, 2005 indicating that 
Americans and the can recycling industries recycled 51.5 billion aluminum cans in 
2004, for a beverage can recycling rate of 51.2 percent.  This reflected a 1.2 percent 
increase over the 2003 rate and the first increase since 1997.
Analysis of the Recycling Method of Aluminum Soda Cans 4
Aluminum Can Reclamation
Year
Pounds of 
Aluminum 
Collected 
(millions)•
Number of 
cans/pound of 
aluminum
Number of 
cans collected••
Number of Cans 
Shipped (billions)•••
Pct. of 
aluminum cans 
collected
2003 1,479 33.72 49.9 99.7 50.0
2004 1,518 33.92 51.5 100.5 51.2
% 
change
2.6 0.6 3.2 0.8 1.2
(Source: The Aluminum Association, Inc.)
Table 1.1 Aluminum Can Reclamation
Since the recycling of aluminum beverage cans is rising, a study on the recycling 
method used in my company, Lian Gim Aluminum & Supply Pte Ltd, is carried out. 
This study and analysis focus on the collection, crushing, packaging of aluminum 
beverage cans to be sent overseas for smelting.
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1.2 Project Aim
The objectives of this study are:
 Research and study on the existing process of recycling of aluminum 
beverage cans.
 Gather data on the procedures of collection, crushing, packaging of 
aluminum beverage cans.
 Analyze on key criteria of the whole process including cost, quality and 
safety.
 Investigate and develop new scientific methods to improve criteria of the 
whole process.
2.1 Dissertation Outline 
This dissertation is divided into an assortment of chapters describing different 
portions of the project. To facilitate the reader, this section provides the brief 
overview of each chapter.
Chapter 2: Aluminum Can Life Cycle
In this chapter, the properties of aluminum are discussed. The chapter also goes 
through the process of production of aluminum cans from aluminum ore. Details of 
how the beverage is being recycled is also illustrated.
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Chapter 3: Recycling Aluminum Can
This chapter discuss on the reason for recycling aluminum beverage cans and the 
benefits of recycling cans.
Chapter 4: Case Study
This chapter includes a case study on a Singapore company, Lian Gim Aluminum & 
Supply. Analysis of cost, quality control and safety issues are discussed here.
Chapter 5: Further Work and Conclusion
This chapter gives a brief description of the problems encountered during the 
development of the project and the recommended further works.
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CHAPTER 2
ALUMINUM CAN LIFE CYCLE
2.1 Research Information on Aluminum Can Recycling
Information gathering on aluminum can recycling was carried out at the beginning of 
the project. The data collected focuses on issues range from formation of the 
aluminum beverage cans until the execution of scientific methods to the production 
system in Lian Gim Aluminum & Supply Pte Ltd.
Sources of information were obtained from local library (Temasek Polytechnic, 
Singapore), USQ library, via Internet and direct from company (Lian Gim 
Aluminum & Supply Pte Ltd). The scope of literature will revolve around the 
resources gathered.
Before going into introducing new scientific methods to the company, an 
understanding of the production of aluminum beverage cans is vital. The 
International Aluminum Institute and Aluminum Can Group Australia described the 
process of production of aluminum beverage cans in details.
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2.2 Aluminum Properties
Aluminum is a silvery-white metal with desirable characteristics of being light, non-
toxic, non-magnetic and non-sparking. 
13 Atomic Number 
  AI Symbol
  Aluminum
   26.98154 Atomic Weight
2  -  8  -  3 Electron Configuration
    (Source: IAI)
Figure 2.1 Aluminum Periodic Symbol
Aluminum’s has versatile properties making it easily cast, molded, extruded and 
rolled into infinite variety of shapes. Aluminum’s range of properties can be found in 
many commercially available alloys. An alloy is a material made up of two or more 
metals. Alloys are designed and produced have certain specific, desirable 
characteristics, including strength, formability, and corrosion resistance. The 
composition and logic of the alloys are regulated by an internationally agreed 
classifications system or nomenclature for wrought alloys and by various domestic 
nomenclature schemes for the casting alloys. 
1XXX  Aluminum of minimum 99% purity
2XXX  Aluminum-copper alloys
3XXX  Aluminum-manganese alloys
4XXX  Aluminum-silicon alloys
5XXX  Aluminum-magnesium alloys
6XXX  Aluminum-magnesium-silicon alloys
7XXX  Aluminum-zinc-magnesium alloys
8XXX Miscellaneous alloys, e.g. aluminum-lithium alloys
         (Source: IAI)
Table 2.1 Classification of Aluminum Alloys
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2.3 The Aluminum Can Life Cycle
The aluminum can production, consumer consumption, recycling and back to 
consumer consumption life cycle process can be divided into 12 stages.
(Source: Novelis Website)
Figure 2.2 Life Cycle of the Aluminum Can
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(Source: The Aluminum Can Group, Australia)
Figure 2.3 Flowchart of Aluminum Can Life Cycle
Stage 1
Bauxite Mining
Stage 2
Alumina Production
Stage 3
Primary Smelting
Stage 4
Ingot Casting
Stage 5
Fabrication
Stage 6
Can Filling
Stage 7
Consumer Consumption
Stage 10
Used Can Transporting
Stage 11
Used Cans Re-Melting
Stage 9
Used Can Sorting
Stage 8
Used Can Collection
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2.3.1 Stage 1: Bauxite Mining 
Bauxite is found in four types of deposits: pocket, blanket, inter-layered and
detrital. The major bauxite deposit areas in the World include the Caribbean areas, 
South America, Australia and Africa.
Blanket deposits occur in West Africa, Australia, South America and India. The 
blanket deposits found in these areas occur as flat layers lying near the ground 
surface extending over an area covering many kilometres. The thickness of the 
blanket may very from a metre or less to 40 metres. 
Pocket deposits of bauxite occur in Jamaica, Hispaniola and Southern Europe. 
Bauxite is found in the size of depressions ranging in depth from less than a metre to 
more than thirty metres. In some cases, a pocket of bauxite may be isolated in an 
area, while in other areas the depressions may overlap and compose as one large 
deposit.
Inter-layered deposits are usually found in United States, Suriname, Brazil, 
Guyana, Russia, China, Hungary and the Mediterranean area. They originally existed 
at the surface as other types of rocks or volcanic rocks. These formations are usually 
more compact than in other deposits because of the additional weight of the 
overburden.
Detrital deposits occur because of the accumulation of bauxite that has eroded from 
other deposits. The Arkansas bauxite in the USA is mined from detrital deposits. 
Almost 80% of the world’s bauxite production, mainly from large blanket type 
deposits, is from surface mines and the rest from underground excavations in 
Southern Europe and Hungary. 
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Bauxite mining activities takes place mainly in numerous bauxite deposit areas 
mainly in the tropical and subtropical regions but also in Europe. Global distributions
of bauxite mining areas can be seen labeled in red in Figure 2.2. 
   (Source: IAI, Sustainability Update 2004)
Figure 2.4 Global Distributions of Bauxite Mining Regions (Red) 
Bauxite is extracted in surface mines with large blanket type deposits, typically some 
4-6 metres under a shallow covering of topsoil and vegetation. Mining of bauxite 
begins with the removal of topsoil and overburden (unwanted material overlying 
aluminum ore), which are conserved for rehabilitation of the mine site. Deposits that 
are hardened may require blasting with high technology explosives to reduce noise 
and flying rock while producing adequate fragmentation of the rock. Once the 
bauxite is loosened into manageable sizes, the hardened deposits together with the 
bauxite ore are loaded onto trucks by front-end loaders and transported to primary 
crushers, washing plants or to stockpiles. 
Underground bauxite mines are used to exploit pockets or inter-layered deposits.
Water in flow is a problem occurring in most underground operations and 
dewatering shafts are often drilled before mining begins.  
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Australia is one of the largest suppliers of bauxite in the world. Bauxite is mined 
from surface mines by Alcoa World Alumina – Australia at 3 locations in the 
Darling Range in Western Australia as well as by other companies throughout 
Australia. 
Bauxite occurs in three main forms depending on a) The number of molecules of 
water hydration and b) The crystalline structure. The three structure forms of bauxite 
are Gibbsite, Bohmite and Diaspore. 
Unit Gibbsite Bohmite Diaspore
Composition Al(OH)3 AlO(OH) AlO(OH)
Maximum Alumina Content % 65.4 85.0 85.0
Crystal System Monoclinic Orthorhombic Orthorhombic
Density gcm-3 2.42 3.01 3.44
Temp. for Rapid Dehydration °C 150 350 450
(Source : World-Aluminum Organisation)
Table 2.2 Different forms of Bauxite
Unlike the base metal ores, bauxite does not require complex processing because 
most of the bauxite mined is often of acceptable grade or improved by a relatively 
simple and inexpensive process of removing clay. In many bauxites ore mined, clay 
is removed by some combination of washing, wet screening and cycloning or hand 
picking. 
. 
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2.3.2 Stage 2: Alumina Production
The Bayer process is commonly used in the aluminum industry for production of 
alumina from bauxite. The Bayer process is considered in three stages:
   (Source: IAI, Bayer Process)
Figure 2.5 Bayer Process 
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1) Extraction
The aluminum-bearing minerals in bauxite – Gibbsite, Bohmite and Diaspore are 
selectively separated from insoluble oxide components by dissolving them in a 
solution of sodium hydroxide (caustic soda). The chemical properties are listed 
below:
Gibbsite:  Al(OH)3 + Na
+ + OH- ---> Al(OH)4
- + Na+
Bohmite and Diaspore : AlO(OH) + Na+ + OH - + H2O ---> Al(OH)4
- + Na+
The bauxite ore might be washed prior to processing depending on the quality. 
The ore will be crushed and milled to reduce the particle size for mineral 
extraction. It is then combined with the process liquor and sent a slurry to a 
heated pressure digester. 
The conditions in the heated digester are set according to the properties of 
bauxite ore. Ores with higher gibbsite content is processed at 140oC. Bohmite 
and Diaspore is processed between 200 and 240oC. The temperature of the 
digester monitored strictly, as there will be corrosion problems and a possibility 
of dissolving of other oxides into the caustic liquor. 
After the extraction stage, the insoluble bauxite residue is separated from the 
aluminum-containing liquor by a process known as Settling. The liquor is 
purified through filters before being transported to precipitators. The insoluble 
mud from the first settling is thickened and washed to recover caustic soda which 
is returned back to the main process. 
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2) Precipitation
The crystalline aluminum tri-hydroxide (Gibbsite) or “hydrate” is then precipitate 
from the heated digestion liquor:
Al(OH)4
- + Na+ ---> Al(OH)3 + Na
+ + OH-
This process is the reverse of the extraction process where the nature of the 
hydrate is controlled carefully by plant conditions including seeding or selective 
nucleation, precipitation temperature and cooling rate. The “hydrate” crystals are 
classified into different size fraction and fed into the fluidized bed rotary 
calcination kiln. Undersized particles are fed back into the precipitation stage. 
3) Calcination
The “hydrate” is calcined to form alumina for the aluminum smelting process. In 
the calcination process, water is eliminated to form alumina:
2Al(OH)3 ---> Al2O3 + 3H2O
The calcination process is carefully controlled to ensure the quality of the 
properties of the final alumina. The result is a white powder, pure alumina. The 
caustic soda is returned to the start of the process and used again.
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2.3.3 Stage 3: Primary Smelting
Pure alumina after the Bayer process is transported to a smelter. The alumina is fed 
into a reduction cell at high temperature for dissolving in an electrolytic bath of 
molten cryolite (sodium aluminum fluoride) with a large carbon or graphite steel 
container known as a “pot”. An electric current with low voltage but very high 
current (150,000 amperes) is passed through the cryolite, splitting the oxygen from 
the alumina leaving the remaining aluminum metal to be poured off. Molten 
aluminum is deposited at the bottom of the pot and is siphoned off periodically, and 
taken to a holding furnace, often but not always blended to an alloy specification, 
cleaned and then cast.
There are two main types of aluminum smelting technology:
1)  Söderberg Cell
This technology used a continuous anode which is delivered to the pot in a form of a 
paste and which baking in the pot itself. 
   (Source: IAI, technology types)
Figure 2.6 Söderberg Cell used for smelting
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2) Prebake Cell
This technology in turn uses a number of anodes in each pot which are pre-baked in 
a separate facility and attached to “rods” suspending in a pot. 
(Source: IAI, technology types)
Figure 2.7 Prebake Cell used for smelting
A typical aluminum smelter will normally consist of around 300 “pots” producing 
about 400,000 tones of aluminum annually. On average, around the world, it takes 
about 15.7 kWh of electricity to produce one kilogram of aluminum from alumina. 
The primary aluminum production process uses very high energy, but throughout the 
years, improvements in the industry regarding energy consumption and
environmental gas emissions have been favorable.
The bar graph on the next page shows that the average energy consumption during 
aluminum production and the environmental gas emissions per tones when new 
aluminum is produced have fallen by 70% over the past hundred years.
Analysis of the Recycling Method of Aluminum Soda Cans 19
   (Source: IAI, Energy Use)
Figure 2.8 Electrical Power used for Primary Aluminum   
 Primary aluminum is formed at 900°C, but once formed it has a melting point of 
660°C. In many smelters, the remaining heat is used to melt recycled metal. The use 
of recycled metal in any aluminum product results in an energy saving of up to 95 
per cent over the use of primary metal. Blending recycled metal with new metal 
energy saving and also efficient use of process heat. There is no difference in the 
quality or properties of primary and recycled aluminum. Many products, for example 
automotive castings, building products and beverage cans are made mainly from 
recycled metal.
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2.3.4 Stage 4: Ingot Casting
The molten aluminum from the smelting plant is then either cast or rolled into ingots 
for sale as pure aluminum or mixed with other metals to be used as alloyed 
aluminum. Different alloys are used for different purposes. 
1) Casting 
Cast aluminum are used in various applications which includes 
 lightweight components for aircrafts, ships, vehicles and spacecrafts
 general engineering components where lightweight and corrosion resistant 
are required
 architectural structures where lightweight and appearance is needed
 high technology products for commercial and domestic usage
There are two main types of casting techniques, sand casting and die-casting. In 
general in the casting of rolling ingot, molten aluminum flows from a furnace 
through a series of treatments to remove gas and impurities into a mould. The bottom 
of the mould is dropped into a pit and water jets cool the mould until the ingot get 
solidified. The ingots are then lifted out by overhead crane and ready for transport.
2) Rolling
Rolled aluminum is classified into three categories: foil, sheet and plate. Foil is
rolled aluminum that is less than 0.2mm in thickness. It is mainly used for the 
packaging industry for aluminum cans and wrapping, building insulation, printing 
industry and electrical applications. Sheet is between 0.2mm and 6mm in thickness 
and is commonly used in the construction industry and transportation applications. 
Plate is any rolled aluminum that is more than 6mm in thickness. It is found in 
military applications and structural components of bridges and buildings. 
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The process of rolling is separated into a 2-part process: Hot rolling mill and Cold 
rolling mill. Ingots made during casting pass through a scalping machine where 
surface oxides are scraped off providing a smooth rolling surface. Ingots are then
passed through a hot rolling mill before transferring into a cold rolling mill. 
Aluminum is presented in a form of ingot state that can be up to 600mm in thickness. 
This ingot is heated to around 500°C and passed through the hot rolling mill several 
times to reduce the thickness to around 6mm. 
The thinner aluminum is then coiled onto a cylinder and transported to the cold
rolling mill for further processing. Subsequent rolling and annealing of the cold 
metal increases the strength of the aluminum alloy. There are various types of cold 
rolling mills that is used to produce various types of rolled product with thickness as 
low as 0.05mm. In general, the type of rolled product depends on the alloy used, the 
rolling deformation, thermal treatment as well as careful adjustments to the 
mechanics and chemistry of the process. Rolling mills are controlled with very 
precise mechanisms and measuring systems. 
The final product form the cold rolling mill is trimmed and coiled before packing.
The tab stock that is used to open the can is coiled and cut into narrow strips. The 
end stock that is used for the top of the can is trimmed, leveled, washed and coated.
The body stock used for the bottom and sides of the can is trimmed to width. All 
bare and coated products are oiled to protect the sheets during transport and assist 
production of aluminum beverage cans by the can manufacturers. The finished and 
packed coils are loaded onto semi-trailers for transport to export shipping terminals 
or direct to customers (can manufacturers). Highly specialised packaging is used to 
prevent damage to the aluminum.
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2.3.5 Stage 5: Fabrication
There are three major aluminum products sent from the rolling plant to the can 
manufacturers:
 the body stock from which the can body is made,
 the end stock for the top of the can and 
 the tab stock which is used to open the can.
The can body and the tops (end and tab) of the can are manufactured separately. The 
can fillers attach the end of the can after it has been filled. There are seven stages to 
making the body of the can and four stages to making the end of the can.
a) Seven stages to making body of can
1) Lubrication
A thin film of lubricant is applied to the aluminum as it is being uncoiled. This 
lubricant helps the metal pass through the rigorous can making process.
2) Cupper
A circular blank of aluminum is cut out and passed into the cupper machine 
where the blank is drawn into a cup.
3) Can Body-maker
The cup is moved into the can body-making machine where the cup is pulled out 
to produce a can and the dome on the can bottom is formed. 
4) Trim and Wash
The top of the can is trimmed off to a uniform height and then washed.
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5) Decoration
Decorative ink is applied to the exterior surface of the can and passed through to 
an oven where the decorative inks are dried. A spray is then added to the internal 
surface of the can and dried in an oven.
6) Necker and Flanger
The can passes through a machine that 'necks in' the can opening, reducing the 
size of the can end. A flanger creates a lip on the top of the can so that the top 
stock of the can can be attached after it has been filled.
7) Quality Test and Packing
The can passes through a light test, which checks the can for possible leaks and 
physical damage. The cans are then placed on pallets and transported to the filler.
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2.3.6 Stage 6: Can Filling
Once the can bodies have been made, the cans are sent for filling. When the cans are 
filled, the end is sealed on straight away to keep the drink carbonated. There are five
stages to how soft drinks are made: 
1) Purify Water
Water is filter carefully to remove possible impurities.
2) Adding flavouring
Flavourings made from natural and nature identical sources are laboratory tested, 
and added to a mixture of sugar and purified water. This forms the soft drink 
base.
3) Carbonate Soft Drink Base
Carbon dioxide is added to the still drink in a carbonator under controlled high 
pressure and low temperature conditions.
4) Sealing of Can
The carbonated drink is then transferred under pressure to the filling machine. 
The end stock is placed on the can top and seamed shut. The can is then passed 
through hot water spray to bring it to room temperature to prevent condensation. 
Each can undergo quality testing and receives a bar code.
5) Packing of Can
Ready cans are carried by conveyor belt to a packaging machine where they are 
packed into boxes. The boxes are stacked on pallets and stored before 
distribution.
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Packaging is essential as it protects the content. The aluminum provides the 
following benefits to the beverage cans manufacturer:
 Processing saves time as the cans fills quickly
 Can chills easily
 The flavour in the can can be retained
 The can is 100% recyclable
 It will not shatter
 The can is totally rustproof
 It is easy to open with no lids or paper labels that end up as litter
 Its lightweight and compact which makes transportation easier and cheaper
 It is safe to carry and does not break.
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2.3.7 Stage 7 - 11: Consumer Consumption to Can Re-Melting
Consumers buy the goods they need at prices they can afford. Aluminum beverage 
cans are a popular packaging material with consumers. Research by the Canmakers 
Institute in 1998 indicated that consumers liked drinks in aluminum cans for the 
following reasons:
 Availability
 Price/value for money
 Convenience
 Light and portable.
Consumers consume drinks from a variety of places, not necessarily from where they 
buy them. Most households recycle their used aluminum beverage cans through local 
council recycling programs, and in many public places, such as beaches and parks, 
where separate bins for recyclable containers and non-recyclable rubbish are 
available. 
(Source: JJ Richards & Sons PTY. LIMITED)
Figure 2.9 Aluminum Can Recycling Bins in Toowoomba
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Australia has one of the highest consistent aluminum beverage can recycling rate of 
80% followed by Japan at 78.5% and USA at 63%. The purchase price of recycled 
aluminum beverage cans is based on the monthly average price of aluminum at the 
London Metal Exchange less the cost of reprocessing into new aluminum beverage 
cans.
The used aluminum beverage cans are baled in different collection centres in the 
world and then transported to re-melting plants. At the re-melting plant, bled cans are 
fork lifted into a gas-fired rotary furnace that melts the aluminum in temperatures as 
high as 780°C. The paint and coating on the aluminum cans melts and is captured by 
a salt material called dross which later sent to a scrap metal dealer who extracts any 
remaining aluminum.
The melted aluminum is then poured out of the furnace into a crucible and tested to 
determine its alloy content. The molten material is added with primary metals like 
magnesium, copper and manganese so that it is of the right consistency to make the 
alloy for beverage can sheet. It is then poured to create an ingot which goes into the 
rolling mill for can sheet production.
Used aluminum beverage cans that are recycled in Australia are primarily recycled 
back into beverage cans. Aluminum does not 'degrade' during the recycling process 
and can be recycled repeatedly. Recycled aluminum is also used in both high quality 
cast and wrought products. The final aluminum product will vary in its make-up of 
other elements according to the end use. 
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CHAPTER 3
RECYCLING ALUMINUM CAN
3.1 Value of Recycling Aluminum Cans
Anything that is made from aluminum can be recycled repeated. Aluminum cans, 
foil, plates, window frames, furniture, automotive components are melted down and 
use to make similar products again. Recycling an essential part of the aluminum 
industry is economical, technical and ecological. Aluminum companies have 
invested in dedicated state of the art secondary metal processing plants to recycle 
aluminum. The recycling of aluminum requires only 5% of the energy used to 
produce primary aluminum (new aluminum from ore) and only generates 5% of 
greenhouse gas emissions as compared to producing primary aluminum. 
All aluminum that is recycled can be described as either "new scrap" or "old scrap".
New scrap is that surplus material that arises during the manufacture and fabrication 
of aluminum alloys up to the point where they are sold to the final consumer. 
Examples include the trimmings from the edges of sheet aluminum, turnings and 
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millings from aluminum fabrication and surplus extrusion discards. New scrap tends 
to come from the manufacturing industry and tends to be of a known quality and 
composition and can be processed with very little preparation.
Old scrap is aluminum materials which have been used by the consumers and 
subsequently discarded. This include a wide range of items such as used beverage 
cans, car cylinder heads, window frames or electrical cabling.
The aluminum can is considered to be the most recycled consumer beverage 
packages globally. The used beverage aluminum cans are gaining a significant value 
and the market scrap prices have been increasing throughout the years. In the 
International Aluminum Institute 2005, it is known that almost 60% of cans recycled 
that year were aluminum cans. Almost 44 billion aluminum cans were recycled 
compared to the 17 billion steel cans, 7.6 billion plastic bottles and 0.3 billion of 
glass bottles. 
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(Source: International Aluminum Institute Report 2005)
Figure 3.1 Amount of Beverage Cans Recycled Globally in 2005
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(Source: U.S. Senate Committee on Environment & Public Works )
Figure 3.2 Value of Recycled Materials in USA
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In the data collected daily from the metal prices website , it can be seen that the 
average market price for UBCs (used beverage cans) have been increasing.
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Figure 3.3 Annual Scrap Prices of different aluminum products
The recycling rates due to the efforts of the global government authorities through
the coming years have been increasing significantly. The table below shows the 
amount of used beverage cans collected globally in 2002 and 2003. 
Country
Recycling Rates 
(2002)
No. of Cans Recycled      
in billion (2002)
Recycling Rates 
(2003)
No. of Cans Recycled
in billion (2003)
Asia 79% 18 81% 27
Brazil 87% 10 89% 19
Europe 45% 23 48% 36
USA 53% 57 54% 60
Table 3.1 Amount of Cans Collected Globally 
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3.2 Aluminum Can Recycling Process
All aluminum products can be recycled after use. Every two out of three aluminum 
cans produce being the recycling process either at local recycling centers, 
community drop-off sites, recycling bins. Aluminum cans from these sources are 
then gathered at large scrap processing compounds. 
Scrap aluminum is then transported to the scrap compounds where it is checked and 
sorted to determine its composition and value. If the scrap is of unknown quality, the 
scrap aluminum will first be passed through large magnets to remove any ferrous 
metal. Then they are condensed into briquettes or bales and ship off to aluminum 
companies for re-melting.
Depending upon the type of contamination present, the condensed cans will be 
shredded, crushed and stripped off their interior and external lacquer via a burning 
process. Then the shredded pieces of aluminum cans are loaded into melting 
furnaces, where the recycled metal is blended with new aluminum. The molten 
aluminum is then poured into ingots. 
The ingots are fed into rolling mills that reduce the thickness of the metal. The metal 
is then coiled and shipped to can manufacturers who produces can bodies and lids. 
They in turn deliver cans to beverage companies for filling. The new cans are then 
ready to return to store shelves in less than 60 days.
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3.3 Benefits of Aluminum Can Recycling
Aluminum can recycling provides many environmental, economic and community 
benefits to individuals, communities, organizations, companies and industries.
a) Environmental Benefits
Recycling aluminum cans saves precious natural resources, energy, time and money 
which will benefit the earth and also the economy and local communities. Aluminum 
can is a sustainable product that can be recycled repeatedly. Each aluminum can be 
recycled and turned into a new can within 60 days and be sold on the store shelves 
again. In 2003, almost 54 billion aluminum cans in USA were recycled, and this 
saves energy that is equivalent to 15 million barrels of crude oil essential for 
America’s gas consumption for one day. 
b) Economic Benefits
The aluminum can is the most valuable packaging to recycle and is the most recycled 
consumer product in the world today. Each year, the aluminum industry pays over 
$800 million for empty aluminum cans in US. This money goes to charity 
organizations. Money that is recovered form recycling aluminum help countries and 
their communities rebuild homes for the poor and support the needy. 
c) Community Benefits
Aluminum can recycling enables many charitable organizations and groups to earn 
funds to further local projects. The money earned enhances programs, communities 
and improves the quality of people’s life. 
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3.4 Different types of Scrap Can Packaging
The Institute of Scrap Recycling Industries, Inc. (ISRI) (http://www.isri.org) 
publishes specifications and practices for aluminum used beverage cans purchased 
and sold in the worldwide. ISRI publishes four definitions for used beverage cans
scrap: 
a) Shredded,
b) Densified, 
c) Baled and 
d) Briquette 
3.4.1 Shredded UBC Scrap
The shredded UBC should have a density of 12 to 17 pounds per cubic foot. The 
shredded material should contain maximum 5 percent fines less than four mesh (U.S. 
standard screen size) and no more than 2.5 percent fines less than 12 mesh (U.S. 
standard screen size). The material must be magnetically separated and free of steel, 
lead, bottle caps, plastic cans and other plastics, glass, wood, dirt, grease, trash, and 
other foreign substances. No other items other than used beverage cans are
acceptable. 
3.4.2 Densified UBC Scrap
The densified UBC should have a density of 35 to 45 pounds per cubic foot. Each 
package should not to exceed 60 pounds. There should be banding slots in both 
directions of each package to facilitate bundle banding. The bundle range dimensions 
this is acceptable are 41" to 44" (length and width) and 51" to 56" (height). The only 
acceptable tying method would be using a minimum of 5/8" wide by 0.02” in 
thickness steel straps. The bundles are to be banded with one vertical band per row 
and a minimum of two horizontal girths.
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c) Baled UBC Scrap
The baled UBC must have a minimum density of 14 pounds per cubic foot, and a 
maximum density of 17 pounds per cubic foot for un-flattened UBC and 22 pounds 
per cubic foot for flattened UBC. The minimum bale range dimensions would be 24" 
to 40" by 30" to 52" by 40" to 84". The only acceptable tying method would be as 
follows: Four to six 5/8" x 0.20" steel bands. The baled UBC are to be magnetically 
separated material and free of steel, lead, bottle caps, plastic cans, and other plastic, 
glass, wood, dirt, grease, trash, and other foreign substances. 
d) Briquette UBC Scrap
The briquette UBC scrap should have a minimum density of 50 pounds per cubic 
foot. The nominal briquette dimension should range from 12 to 24 inches x 12 to 24 
inches in uniform profile with a variable length of 8 inches minimum and 48 inches 
maximum. Briquettes shall be bundled or stacked on skids and secured with a 
minimum of one vertical band per row and a minimum of one girth band per 
horizontal layer. The maximum total package height should be 48 inches. The weight 
of each briquette bundle must not exceed 4000 pounds. Material must be 
magnetically separated, plastic, glass, dirt, and all other foreign substances.
The average price of the different UBC scrap packaging is shown in the table below. 
The average is taken from a period of 6 months: April 2006 to September 2006. 
Different UBC Scrap Package Average Price Per Pound (USD)
Shredded 0.70
Densified 0.71
Baled 0.73
Briquette 0.75
Loose 0.28
Table 3.2 Average Price of Different UBC Scrap
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CHAPTER 4
CASE STUDY 
4.1 BACKGROUND OF COMPANY
This case study is done on a Singapore company, Lian Gim Aluminum & Supply Pte 
Ltd, dealing with scrap metal processing. The company is located in 44 Woodlands 
Industrial Park E. The company have been operating for close to 10 years but the 
business have been stagnant due to the traditional operational methods used.  During 
the process of the case study, it is noticed that there is no proper system to deal with 
the 
a) Safety issues in the working area
b) Quality control for packaged aluminum cans sent for re-melting
c) Financial control of the whole process
In this case study, the problems of the company’s system will be researched and 
listed out. Scientific methods are implemented to improve the whole operation 
system.
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4.2 Analysis of the company’s system
Stage A
Stage B
Stage C
Stage D
Figure 4.1 Current Process Used in Company 
The total process of the collection to packaging for re-melting takes 30 days.  In 
Stage A, the first 20 days of every month is used for purchasing and collection of 
UBCs from external vendors.  No other activities is done during this 20 days. After 
20 days of collection, Stage B will take around  4 days to complete, followed by 4 
days of crushing and packaging of UBCs into bales. 2 days in taken in Stage D for 
loading of bales into transportation to be sent for exporter who will send the bales to 
either China or India for re-melting. 
Purchasing of UBC scrap 
from external vendors
Identify and Sorting of Used 
Beverage Cans
Crushing and Packaging of 
Used Beverage Cans
Send for Re-Melting 
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4.2.1 Techniques Used to Improve System
The current process of the company takes a long period of time to finish. It shows 
that the flow of the process can be shorten by using the Critical Path Analysis.
There are 3 phases in Critical Path Analysis:
a) Planning
In the planning stage, the sequence of activities that have to be carried out in 
order to complete the project is recorded down. A network representing the 
activities is drawn. 
b) Analyzing and Scheduling
The critical path is then determined. A check is done to see whether the critical 
path can be shortened. An analysis table is drawn up to indicate the earliest and 
latest start and finish times for all activities and their available float.
c) Controlling
If delays are experience on the critical path, an action is decided to make up for 
the time loss through either overtime or more men and resources.
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4.3 Cost Analysis of the System
From the system flow, it shows that there will be heavy workload towards the end of 
month. The table shows the approximate cost break down of the expenditure during 
the whole process. Approximation values are given due to the confidentiality of the 
company. 
Day
UBCs 
Purchases
Wages
Overtime 
Wages
Utility 
Payment
Transportation
Total 
Expenditure
1 √ √ √ $350 
2 √ √ √ $350 
3 √ √ √ $350 
4 √ √ √ $350 
5 √ √ √ $350 
6 √ √ √ $350 
7 √ √ √ $350 
8 √ √ √ $350 
9 √ √ √ $350 
10 √ √ √ $350 
11 √ √ √ $350 
12 √ √ √ $350 
13 √ √ √ $350 
14 √ √ √ $350 
15 √ √ √ $350 
16 √ √ √ $350 
17 √ √ √ $350 
18 √ √ √ $350 
19 √ √ √ $350 
20 √ √ √ $350 
21 √ √ $150 
22 √ √ $150 
23 √ √ $150 
24 √ √ $150 
25 √ √ $150 
26 √ √ $150 
27 √ √ $150 
28 √ √ $150 
29 √ √ √ √ $1,000 
30 √ √ √ √ $1,000 
Table 4.1 Expenditure Break-down 
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Figure 4.2 Graph of Expenditure Breakdown
Cost optimization can be used in cost analysis. In the cost analysis, there are 2 main 
factors to be considered: Direct cost and Indirect cost.  The direct cost are cost that 
directly affect to the individual activities including wages, overtime, equipment
rental, purchases and transportation. The indirect cost will include the costs which 
cannot attribute to any individual activity but are incurred in the operation of the 
company. This includes the employees’ accommodation, administrative charges; 
utility charges. As seen in the graph, the expenditure at the end of the month is very 
high due to the cost incurred for the transportation of packaged scrap cans to 
exporters and the overtime wages. The direct costs and indirect costs are totaled and 
a graph plotted will determine the most economic Cost Schedule.
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4.4 Safety Issues in the Working Area
4.4.1 Safety Problem 1
From the pictures below, the crushing machine is surrounded by many other 
equipments and items which will hinder one’s working area and may cause serious 
injuries. It is also noticed that the employee working with the crushing machine is 
not in the correct attire for heavy duty work. 
Figure 4.3 Dangerous Placement of Machine
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Figure 4.4 Narrow Workspace
4.4.2 Safety Problem 2
In the picture shown below, there is not fencing around the crushing machine. It is 
dangerous for the worker to be operating the machine without proper fencing.
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4.4.2 Health and Safety Management
An accident is any unplanned, uncontrolled, unwanted or undesirable event which 
interrupts an activity or function. Everyone from the top to the bottom of the 
organization has the responsibilities to avoid accidents. The above safety issue 
mentioned should not only be the employees’ problem but also it concerns the whole 
management. A safety policy should be implemented to avoid unwanted accident. 
Causes of an accident can be classified under several headings: 
a) Plant which includes narrow walkway, electrical hazards
b) Equipment including dangerous equipment, defective guard
c) Environment including high noise, poor lighting, poor ventilation
d) People whom are careless, unskilled, over stress, untrained
e) Systems which are of poor procedure, bad housekeeping
The effects of these accidents will generally be:
a) Injury
b) Damage to Equipment
c) Loss of Life
d) Emotion that follows injury, pain and death.
To prevent unwanted accidents happening to the company, a systematic planning can 
be implemented. A system for managing safety should include:
1) workplace inspection
2) accident inspection and follow up
3) safety training
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Workplace inspection should include audits and  reviews, surveys, tours, sampling, 
hazard and operability studies. Accident inspections require the collection of data 
and the checking, selection and analysis of evidence. The result of the investigation 
used to decide the causes of the accident, notifying the injured person, recording and 
report findings. Safety training must be systematic and follow the plan-do-check-act 
procedure for continuous improvement. 
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4.5 Quality Analysis of Bale Scrap Cans
There is no quality control standard currently used by the company to control the 
size of the baled scrap cans. A random measurement to different bale stacks show 
that without a quality control for the crushing process, the bale stacks come in all 
sorts of sizes. The universal standard size for baled stack is 24” to 40” (width) x 30” 
to 52” (length) x 40” to 84” (height). Without a standard, most of the bale stacks 
measured was more or less than the required dimensions. The dimensions of the bale 
will be with standard when the number of cans is in the range of 8000 to 10000 and 
the weight of the cans in the range of 130 kg to 170kg. 
Baled 
Stack
No. of
Cans
Weight 
(kg)
Width
(24" to 40")
Length
(30" to 52")
Height
(40" to 84")
1 11000 185 Х Х √
2 8500 142 √ √ √
3 9000 150 √ √ √
4 10000 167 √ √ √
5 10500 175 Х √ √
6 7000 116 Х Х √
7 8000 133 √ √ √
8 9500 158 √ √ √
9 7500 125 Х √ √
10 8400 140 √ √ √
Table 4.2 Random measurement check for bale dimension
The bales that are within the standard can be sold at $325 to $425. The company will 
make a loss when the bales are out of standard. The exporters of scrap bales pay for 
additional dimensions and deduce cost for lesser dimensions. Therefore there is a 
need to set up a quality control system for the bale sizes so that the dimensions of the 
bales are in constant sizes and the company will not make a loss. 
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Four main steps can be used to set up a control standard for the bale scrap cans:
1) First through the London Metal Exchange Website, the standard bale size is 
set up.
2) Use of the standard number of cans during crushing to ensure that every bale 
is within the standard range.
3) Measurements of random bale batches to ensure that the standard is kept 
constant.
4) Every random result is compared with the standard. 
5) Corrective actions are taken when necessary.
The acceptance sampling method and control chart method can also be used.
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CHAPTER 5
FURTHER WORK & CONCLUSION
5.1 Problems Encountered
The major problem of faced in developing this project is the improper project aim 
chosen during the initial stage. This resulted in having too much topics to research 
and the scope of project went too broad. Instead of focusing on one topic in the case 
study, there were three topics. As the topic scope was too broad, my focus was 
diverted into different sections and ended up with unnecessary information for the 
project. 
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5.2 Achievements of the Aims and Objectives
This study aims to provide readers with more knowledge on aluminum and its 
recycling properties. It also aims to study the life cycle of both aluminum and 
recycling cans. 
The project have successfully completed with the main objectives of this study 
obtained.
 A research and study was done on the existing process of recycling of 
aluminum beverage cans.
 Data was gathered on the procedures of collection, crushing, packaging of 
aluminum beverage cans.
 The analyze on key criteria of the whole process including cost, quality and 
safety.
 New scientific methods were recommended to improve criteria of the whole 
process.
5.3 Further Works
A further comprehensive study can be made to the company to make this research 
more valuable. Several works can be made in the future:
 Focusing on a main point (Safety, Quality or Cost) so that better results can 
be obtained.
 The scientific methods can further researched and implemented into the 
company’s system. 
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